INTRODUCTION
Distant powerful radio sources represent excellent targets to study evolutionary processes related to massive galaxies and their associated surrounding structures at high redshifts (e.g. De Breuck et al. 2002b; Miley et al. 2004 ; Overzier et al. 2006 ; Villar-Martín et al. 2003 ; Nesvadba et al. 2006 ). The most effective method for finding high-redshift radio galaxies is by selecting for Ultra Steep-Spectrum radio sources (USS, α ≤ −1, Sν ∝ ν α ). A possible explanation of this empirical method is a K-correction induced by a curvature of the radio spectra. High redshift sources with concave radio spectra will have steeper spectral indices compared to those at low redshift (Krolik & Chen 1991; Carilli et al. 1999; Gopal-Krishna 1988) . Comparing the extremely steep spectral index sources associated with galaxies residing closest to the cluster centres, Klamer et al. (2006) found an explanation that suggests that the steeper spectra can also be explained by pressure-confined radio lobes which have slow adiabatic expansion losses in high density environments. High-redshift radio galaxies are extremely luminous, and spatially extended, compared to normal galaxies at similar redshifts. The tight K − z relation of radio galaxies in the Hubble K diagram suggest that these objects are amongst the most massive systems at each redshift (De Breuck et al. 2002b; Jarvis et al. 2001; Willott et al. 2003; Eales & Rawlings 1993; Lacy et al. 2000) . Using the K − z diagram and galaxy evolution models, Rocca-Volmerange et al. (2004) found that the typical hosts of radio galaxies correspond to the most massive elliptical galaxies with baryon masses M ∼ 10 12 M ⊙ .
There is increasing new evidence that distant radio galaxies represent massive forming systems. Miley et al. (2006) found more than 10 individual clumpy features, possible satellite galaxies in the process of merging, in a region of 50×40 kpc around the radio galaxy MRC 1138-262 at z = 2.2. From a large VLT program, searching Lyα emitters around a sample of 2 < z < 5.2 radio galaxies, Venemans et al. (2006) found that at least six of eight fields studied are overdense in Lyα emitters by a factor of 3-5 compared to the field. Some radio-galaxies, selected with the USS criterion, are surrounded by giant Lyα haloes. The size of these gas structures (100-200 kpc) are similar to the observed size of cD haloes in galaxies in nearby clusters (Reuland et al. 2003a; van Breugel et al. 2006) . From a spatial cross-correlation analysis between USS at 0.5 < z < 1.5 and surrounding K < 20 galaxies, found a comoving correlation length comparable to those obtained for clusters of galaxies with masses in the range M ∼ 10 14 M ⊙ in a cosmological N-body simulation. In this paper we present K-band observations, high-resolution radio maps and optical spectroscopy for a subsample of southern Ultra Steep Spectrum Radio Sources selected from the Westerbork in the Southern Hemisphere (WISH, De Breuck et al. (2002a) ) 352 MHz catalog. We also present optical spectroscopy of sources selected from the De Breuck et al. (2000) and WISH USS samples, yielding 12 new redshifts, including four new radio galaxies at z>3 These provide excellent targets for follow-up observations in this interesting redshift range.
The structure of this paper is organized as follows: Section 2 describes the sample analyzed. We describe the near-IR observations and data reductions in Section 3. Section 4 presents the near-IR identification and source extraction. We describe optical spectroscopy observations in Section 5 and discuss our results in Section 6. Finally, Section 7 presents the main conclusions.
In this work we assume a standard ΛCDM model Universe with cosmological parameters, ΩM =0.3, ΩΛ=0.7 and a Hubble constant of H0 =100 Km s −1 Mpc −1 .
SAMPLE DEFINITION
The USS sample was selected from the 352 MHz Westerbork In the Southern Hemisphere catalogue (De Breuck et al. 2002a ). We used a selection criterion based on the radio properties of the sources, steep radio spectral index (α 1400 352 < −1.3) and small angular size (< 30 ′′ , as measured on the VLA maps). All of the first and most of the second priority targets have been observed. A detailed description of the radio observations and data reduction can be found in De Breuck et al. (2002a) . Most of the targets selected for optical spectroscopy are selected from the USS samples of De Breuck et al. (2000) .
3 OBSERVATIONS AND DATA REDUCTION 3.1 Radio Imaging
VLA
In order to obtain high resolution radio maps and accurate positions, we used the Very Large Array (VLA) of the National Radio Astronomy Observatory in the hybrid BnAconfiguration at 1.4 GHz. The images were obtained on 1999 October 16 and 20 and consisted of L-band short subscans of 3 minutes each. We used the standard data reduction recipes in the Astronomical Image Processing Software (AIPS ) package, including self-calibration for phase corrections.
K-band Imaging

CTIO
The USS fields were observed during two runs in 2000 March and 2001 January using the Ohio State InfraRed Imager/Spectrometer (OSIRIS) imager on the 4−meter V.M. Blanco telescope at the Cerro Tololo Inter-American Observatory (CTIO). OSIRIS is a 0.9-2.4 µm camera with a 1024x1024 HAWAII HgCdTe CCD array. We used a focal ratio of f/7 which resulted in a respective pixel size of 0.
′′ 161. Individual frames were obtained as a co-addition of a number of single exposures with different integration times, in this way one effectively removes row/column related defects. For example, for sources with total exposures times of 1920s, we use 12 single exposures of 10s observed with a a 16−point dithering pattern. This results in 16 × 10 × 12 = 1920s = 32 minutes on source. We used similar procedure for the other images, doing small changes in the number of points of the dithering pattern and the exposure times for single observations During the observations, tip-tilt mirror corrections were made. This resulted in typical FWHMs on the individual pointing frames (12 × 10s co-added) of 0.
′′ 5 to 0. ′′ 7. The mean was around 0.
′′ 6 for the nights 2000 March 20 to 22, and around 0.
′′ 7 on the 2001 January run. A subsample of USS sources was observed in 1999 July with the Cerro Tololo IR imager (CIRIM) camera at the CTIO 4−meter V.M. Blanco telescope. The CCD detector is a 256×256 HgCdTe NICMOS 3 array with a pixel scale of 0.
′′ 414 using a focal ratio of f/7.5. For these observations we obtained a mean FWHM of 1. ′′ 1. ′′ 7 and 1. ′′ 0, and a number of standard stars were observed during the same nights. In Table 1 we present the log of the near-IR observations, with the observation dates, telescope/instrument used and the total exposure times for all the USS sample.
VLT
Data Reduction
Data were reduced within IRAF 1 , using the standard DIMSUM (Stanford et al. 1995) near-IR reduction package, including dark subtraction, flat fielding, sky-substraction, bad pixel masking, bright object masking, registration and summing.
VLT images were reduced with ISAAC pipeline recipes 5.4.2 2 using the command line utility EsoRex, which includes standard routines, including dark correction, flat field calibration, bad pixel cleaning, image correlation and recombination.
Astrometry
The astrometric calibration of the images was performed using the WCStools package 3 (Mink 2006 ), using the Two Micron All Sky Survey (2MASS) Catalogue of Point Sources a reference catalog (Cutri et al. 2003 ) and the USNO-A2.0 Catalogue (Monet et al. 1998) for fields with a few number of 2MASS sources. We estimate the uncertainty in the relative astrometry to be ∼0.
′′ 4-0. ′′ 6 .
Photometry
The photometry for the CTIO observations was calibrated using 2MASS point sources detected in these fields. For VLT runs, magnitudes were calibrated using NIC-MOS near-infrared standards (Persson et al. 1998 ). All standard star magnitudes were obtained using SExtractor (Bertin & Arnouts 1996) with an aperture diameter of 6 ′′ , which proved to be adequate by monitoring the growth curve of all the measured stars. For the observations made with OSIRIS and CIRIM at CTIO the K-band zero point was 22.64±0.06 and 22.01±0.02 (for 1 count/second, integrated over the source), respectively. For the ISAAC/VLT observations we derive the zero-point based on observations of the near-IR photometric standard star S301-D taken from the list of Persson et al. (1998) . The zero-point obtained was 24.18±0.01. The zero-points do not include the airmass term, because the airmass dependence in K-band is small and we have observed all our objects with airmasses < 1.3, with a mean of 1.06.
1 Image Reduction and Analysis Facility (IRAF), a software system distributed by the National Optical Astronomy Observatories (NOAO) 2 Available at ftp://ftp.eso.org/pub/dfs/pipelines/isaac/ 3 Available at ftp://cfa-ftp.harvard.edu/pub/gsc/WCSTools/ Because of the large uncertainties in the photometry, we did not correct the K-band magnitudes for Galactic extinction. We have used the NED Database 4 , which are based on the E(B − V ) values from the extinction maps of Schlegel et al. (1998) . We found that most of the sources have values from 0.01 to 0.1, which are negligible compared to magnitude errors.
SOURCE DETECTION AND NEAR-IR IDENTIFICATION
We have identified the near-IR counterparts to the radio sources by overlaying the radio contour maps on to the Kband images using the AIPS task KNTR.
We measured the magnitudes of these identifications using SExtractor. The parameters were set such that, to be detected, an object must have a flux in excess of 1-1.5 times the local background noise level over at least N connected pixels, according to the seeing conditions and image qualities. In order to improve the detections of faint sources, we smoothed the K-band images using a circular Gaussian of FWHM=1-2 pixels. In some cases, we find that it is possible that the identification does not fall at the midpoint of the radio lobes, for radio sources with double or multiple components.
We measured magnitudes for all radio source identifications using SExtractor and circular apertures with diameters of 2.
′′ 0, 4. ′′ 0 and 8. ′′ 0. We also obtained MAG BEST magnitudes in order to facilitate comparison with the literature (Bornancini et al. 2004 . This is usually equal to MAG AUTO, but if the contribution of other source exceeds 10%, it is MAG ISOCOR. The uncertainties quoted represent our best estimates, which includes the zero-point uncertainty (See Table 2 ). Table 2 lists our USS sample, the columns are: IAU J2000 designation, spectral index obtained between 352 MHz and 1.4 GHz, largest angular size, as measured from radio maps taken with the VLA, aperture magnitudes in 2.
′′ 0, 4.
′′ 0 and 8. ′′ 0, SExtractor MAG BEST magnitudes, J2000 position coordinates of the radio source and the K-band identification counterpart, the half-light radius and CLASS STAR values of the K-band identifications. SExtractor CLASS STAR parameter provides an indication of the likelihood of an object being a galaxy or a star. In the ideal cases a galaxy has CLASS STAR= 0.0 and a point source has CLASS STAR= 1.0. We find that all the USS sample analyzed in this work are consistent with extended sources (galaxies) rather than point sources (stars or quasars).
We also considered studying the environments of these USS radio galaxy candidates. The environments of twenty USS sources observed with CTIO/OSIRIS were analyzed in Bornancini et al. (2004) . In those images, only 7 radio galaxies were identified, finding a statistically significant signal of clustering. In , a similar analysis was performed on a wider field and with deeper data, finding a stronger result. We therefore do not analyze the environments of the USS sources in the relatively shallow K−band images from this paper.
OPTICAL SPECTROSCOPY
During the past 6 years, we have obtained optical spectroscopy of 14 USS sources. The targets were mostly selected from 4 different USS samples: the 3 sub-samples of De Breuck et al. (2000) and the WISH-NVSS sample described in this paper. From these samples, we mostly selected the final targets based on the RA range when telescope time was available.
VLT
Optical spectroscopy of a subsample of USS sources were carried with FORS2 installed on the VLT Unit Telescope 4 Yepun between 2000 October and 2001 May. We used a similar data reduction strategy to De Breuck et al. (2006) . We removed cosmic rays using the IRAF task szap, after bias and flatfield correction. We used the IRAF task background in order to remove sky variations and we extracted the spectra using a width appropriate to contain all flux in the extended emission lines. Finally we calibrated the one dimensional spectra in wavelength and flux. We used the procedures described in Röttgering et al. (1997) and to determine the central wavelength, total line flux, deconvolved widths, and rest-frame equivalent widths (with their related errors) of all the emission and absorption lines detected in our spectra. For each object, we quote a single redshift, which is an average of all the lines, weighted by the uncertainties due to the line fitting and wavelength calibration. In Table 4 we show the measured parameters of the emission/absorption lines in the spectra.
Keck
Longslit observations were made on UT 2004 January 19 -20, using the Low Resolution Imaging Spectrometer (LRIS; Oke et al. 1995) on Keck I, with a slit width of 1.
′′ 5, under photometric conditions and 0.
′′ 8 seeing. The spectroscopic setup is described in Table 3 . Data reduction was performed in IRAF; data were bias-subtracted, responsecorrected, cosmic-ray-zapped using Pieter van Dokkum's LACosmic routine 5 , sky-subtracted, and spectra extracted in a 1.
′′ 5 aperture. The resultant 1-D spectra were wavelength and flux calibrated using appropriate arcs and standard stars.
WHT
On UT 2006 December 14 and 15, we obtained 3 spectra using the ISIS double beam spectrograph (Carter et al. 1994 ) at the 4.2 m William Herschel telescope (WHT) at Observatorio Roque de los Muchachos on the Canary island of La Palma. Conditions were photometric with 0.
′′ 5 and 1.
′′ 5 seeing during the first and second night, respectively. We used a dichroic splitting the light at 5300Å and a 1.
′′ 5 wide slit. The grisms used were the R300B in the blue arm and the R316R in the red arm. None of the 3 objects were detected in the blue arm. In the red arm, only 5 http://www.astro.yale.edu/dokkum/lacosmic/ WN J0912−1655 was clearly detected in 5400 s of observing time. WN J0604-2015 and WN J0610+6611 were not detected in 5400 s and 7200 s, respectively. We extracted the red spectrum of WN J0912−1655 with an aperture width of 2.
′′ 4.
Results
We have determined redshifts of 12 out of 14 targets observed. The two targets without redshifts were undetected in 1.5 to 2 hours on a 4 m telescope, and need long integration on 8-10 m class telescopes. Apart from TN J2009−3040, which is a z=3.158 quasar, all 11 targets are radio galaxies with redshifts from z=0.550 to z=3.837. Five of the radio galaxies are at z>2, including three at z>3. Table 4 lists the emission line parameters of all targets. The 10 new redshifts from the De Breuck et al. (2000) USS sample raises the number of spectroscopic observations from that sample from 46 to 56, and the number of known redshifts from 34 to 44.
DISCUSSION
Correlations
In this work we have excluded large radio sources because those are most likely foreground objects and not at high redshift. In Figure 1 we present the correlation between largest angular size (LAS) and the K−magnitudes obtained within an aperture of 4 ′′ . As can be seen most of the sources have small radio sizes with LAS < 8 ′′ . The vertical dashed line represent the expected K−band magnitude of a z ∼ 3 source, indicating that high redshift sources have compact radio morphologies. Several authors have applied the small angular-size criterion in order to find high redshift radio galaxies (Blundell et al. 1998; Jarvis et al. 2004; Cruz et al. 2006 ). There are a few cases of radio galaxies at high redshifts with large angular sizes (4C 23.56 at z=2.483 has LAS=53 ′′ ). However, Pedani (2003) found that the introduction of a strong angular size bias such as LAS< 15 ′′ , increases the efficiency in selecting high redshift radio galaxies by a factor of two.
Some radio galaxies have very faint or no K-band counterpart presenting large deviation in the Hubble K − z diagram , and 20% of highredshift radio galaxies fail to show optical emission lines in spectroscopy observations using the Keck Telescope (De Breuck et al. 2001; Reuland et al. 2003b ). This could be an indication that some high redshift radio galaxies contain great amounts of dust. Willott et al. (2002) found an anti-correlation between dust emission (measured from 850 µm flux) and the projected linear size, though Reuland et al. (2004) did not confirm this using a larger sample of radio galaxies. It is likely that the compact USS sample analyzed here may also contain a mix of galaxies either at very high redshift, or heavily obscured by dust.
Expected redshift distribution
We have estimated the redshift of the USS sample using linear regression and the Hubble K − z diagram of As we expect most radio galaxies to have 1 < z < 4, we have assumed K 64kpc = K(8 ′′ ), as 8 ′′ corresponds to ∼64 kpc at z=1, which only a small dependence on redshift z > 1 in our adopted Cosmology. Figure 2 shows the expected redshift distribution for our USS sample. The median predicted redshift is zexp=2.13, which is higher than the predicted redshift obtained by De Breuck et al. In Figure 4 we show the K−band magnitude distribution of USS sources, measured in a 8
′′ diameter aperture. We compare our results with those obtained in the SUMSS-NVSS ), 6C * * (Cruz et al. 2007 ) catalogues and data selected at 74 MHz taken from Jarvis et al. (2004) . The mean K−band magnitudes in an 8 ′′ diameter aperture of the USS is K=18.58, which is one magnitude fainter than those obtained by De Breuck et al. (2004) in the SUMSS-NVSS survey (K=17.57) and by Cruz et al. (2006) in the the 6C * * survey (K=17.59). We find a similar result using BEST magnitudes. Our USS sample has KBEST=18.74, and from a similar study found KBEST=17.97. The fainter K-band counterparts of the WISH-NVSS USS sources could be an indication that the host galaxies are located either at higher redshifts (i.e. a more efficient selection), or in a very dense, dusty medium.
Alternatively, the WISH-NVSS USS radio galaxies are intrinsically less massive and hence less luminous than the ones in previous samples. This could be due to the fainter flux limits probed in this sample. However, using Spitzer rest-frame near-IR phometry, Seymour et al. 2007 do not find a strong dependence of host galaxy mass on 3 GHz radio luminisity, so we regard this explanation as unlikely given the small difference in radio luminosity between the USS samples.
Alternatively, the WISH-NVSS USS sources may be less massive and hence fainted in the observed K−band. This may be because WISH-NVSS sources have fainter radio fluxes than most previous USS samples. Such a radio power dependence in the K −z diagram has been suggested by various authors (Eales et al. 1997; Best et al. 1998; Jarvis et al. 2001; De Breuck et al. 2002b; Willott et al. 2002) . However, using rest-frame near-IR imaging of a sample of 69 radio galaxies at z > 1 observed with Spitzer, Seymour et al. (2007) do not find a strong dependence of host galaxy mass on 3 GHz radio luminisity, so we regard this explanation as unlikely given the small difference in radio luminosity between the USS samples.
Radio two-colour diagram and spectral curvature
We use the CATS database of the Special Astronomy Observatory (Verkhodanov et al. 1997) to search for radio measurements in order to study the radio spectral energy distribution at low frequencies. . Although the uncertainty in the spectral index is larger than for the 74-352 MHz data, this result suggests that the highest redshift radio galaxy confirmed in our sample does retain a straight radio spectrum through the lowest frequencies observed. As noted by Klamer et al. (2006) ∼90% of USS sources selected from the SUMSS and NVSS catalogues show a straight radio spectra characterised by a single power law beyond ∼1 GHz. At frequencies below 100 MHz spectral curvature is much more common than at higher frequencies due principally to synchrotron self-absorption. This suggests that very low frequency selected USS samples will be likely to be more efficient to find high redshift galaxies.
CONCLUSIONS
We present K-band observations obtained with CTIO at Cerro Tololo and with VLT at Cerro Paranal, highresolution VLA radio maps for a sample of 28 Ultra Steep Spectrum Radio Sources selected from the WISH catalog. We also present optical spectroscopy from VLT/FORS2, Keck/LRIS and WHT/ISIS for 12 USS sources, mainly from the De Breuck et al. (2000) samples.
We find that most of our USS sources have small radio sizes and fainter magnitudes. The mean K−band counterpart magnitude measured in 8 ′′ diameter aperture is K=18.58, which is one magnitude fainter than those obtained on the literature. The expected redshift distribution estimated using the Hubble K − z diagram has a mean of zexp=2.13, which is higher than the predicted redshift obtained for the SUMSS-NVSS sample and the expected redshift obtained in the 6C * and 6C * * surveys. From our spectroscopy, we identify one z=3.158 quasar, and 11 new radio galaxies, 3 of which are at z>3.
From a radio colour-colour diagram of a subsample of 12 sources, we find that all but one radio spectra flatten significantly below 352 MHz. We also find that the highest redshift source from this paper (at z=3.84) does not show evidence for spectral flattening down to 151 MHz. Because most low redshift radio galaxies have a flatter spectra below 352 MHz, selecting USS sources at low frequencies is likely to be more efficient selection technique to find high redshift galaxies. The forthcoming low frequency observatories such as LOFAR, LWA or SKA will be enable to find large samples of low-frequency selected USS sources (e.g. Rottgering et al. 2006) and will therefore open new perspectives on the nature and evolution of high redshift radio galaxies.
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